CO 
CO 
CO 

to 



(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office urope n des brevets 



(11) 



EP 0 961 333 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 1 58(3) EPC 



(43) Date of publication: 

01.12.1999 Bulletin 1999/48 

(21) Application number: 98953034.0 

(22) Date of filing : 1 3.1 1 .1 998 



(51) int Ci.^: H01M 8/02, H01M 8/24 

(86) International application number: 
PCT/JP98/05104 

(87) International publication number: 

WO 99/26304 (27.05.1999 Gazette 1999/21) 



(84) Designated Contracting States: 


(72) Inventor: 


OH DE ES FR GB GR IT U NL 


NANJO, Fusayuki, 




Kobe Shipyard & Machinery Works 


(30) Priority: 14.11.1997 J P 31324497 


Hyogo-ku, Kobe-shi Hyogo 652-0854 (JP) 


(71) Applicant: 


(74) Representative: 


Mitsubishi Heavy Industries, Ltd. 


Kem, Ralf M., Dipl.-lng. 


Toicyo 100-0005 (JP) 


Ralf M. Kem & Partner 




Postfach14 03 29 




80453 Munchen (DE) 



(54) SOLID ELECTROLYTE FUEL CELL 

(57) A planar type solid oxide electrolyte fuel cell 
which is composed of power generation films in which 
an oxygen electrode is cor^tituted on one side of each 
solid electrolyte having dimples almost all over its sur- 
face and a fuel electrode on the other side thereof, inter- 
connectors sandwiched between the said power 
generation films, and seal materials which surround the 
four sides of the said power generation films, wherein 
oxidant gases and fuel gases react electrochemically 
via ttie said power generation fSms in order to obtain 
electric energy, wherein on the fuel electrode side of 
one the four sides of the cell a fuel Inlet aperture is pro- 
vided over nearly the entire length thereof, and a fuel 
outlet aperture is provided on the side facing the said 
one side over nearly the entire length thereof, and 
an air inlet aperture is provided on the oxygen electrode 
side of one of the remaining two sides, the said air inlet 
aperture being located in that half of the said side which 
is closer to the fuel gas inlet aperture, and an air outlet 
aperture is provided on the side facing the said air inlet 
aperture, the said air outlet aperture being located in 
about that half the said side which is closer to the fuel 
outlet aperture. 
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Description 

BACKGROUND OF THE INVENTION 
1 Technical Field 

[0001 ] The present invention relates to a compact and 
economical solid oxide electrolyte fuel ceil which com- 
prises a simple structure to provide a large power gen- 
eration area, and the thermal stress generated therein 
is low to ensure reliable fuel cell characteristics. 

2.Background Technology 

[0002] Conventionally, as a planar type solid cxide 
electrolyte fuel cell (hereinafter SOFC) in which power 
generation films comprise a dimpled structure (herein- 
after dimples), the configuration shown in FIGS. 15 and 
16 is known. 

[0003] FIG. 1 5 is an exploded perspeciive view of the 
said SOFC and FIG. 16 is a sectional view taken along 
line X-X In FIG. 15, In these figures, reference numeral 
1 denotes an interconnector (also called a gas separa- 
tor): 2, a power generation film, which together consti- 
tute a unified fuel cell structure 1C (hereinafter stack) in 
such a mamer that from top to bottom an interconnec- 
tor 1. a power generation film 2. an interconnector 1. 
and so on, are alternately superposed. . 
[OOM] The power generation film 2 is the sinallest unit 
cell (also called a cell) that constitutes a SOFC. and Is 
mainly composed of a solid electrolyte film 20 compris- 
ing convex dimples 21 and concave dimples 22 sub- 
stantially all over Its surfaces, an oxygen electrode 23 
on one side of the solid electrolyte film 20, and a fuel 
electrode 24 on the other side thereof. 
[0005] In the embodiment in FEGS. 1 5 and 1 6. the side 
having convex dimples 21 is the oxygen electrode 23 
and the side having concave dimples serves as the fuel 
electrode 24: The above power generation film 2 is sur- 
rounded by a seal material 3 In the circumference, 
except gas inlet and outlet apertures through which oxi- 
dant gases (e.g. air. hereinafter air) and fuel gases 
pass, and each film is sandwiched between two inter- 
connectors 1 to form air flow passages 41 and fuel gas 
flow passages 42. 

[0006] The above interconnectors 1, on the other 
hand, are connected with the seal material 3 to provide 
space between themselves and the adjacent power 
generation film 2 and constitute gas flow passages, 
while providing electrical functions for series connection 
by contacting or connecting with the dimple protrusions 
of the adjacent power generation films. 
[0007] The SOFC stack 10 thus constituted is then 
kept in a high temperature range of 800**C'- 1 0OOC**. and 
power is generated when air fbws through the air pas- 
sages 41 and a fuel gas through the gas passages 42. 
respectively, as illustrated in FIGS. 15 and 16. 
[0008] In the example in FIG. 15. the air flow and the 



fuel gas flow are perpendicular to each other on the top 
and the bottom side of each power generation film 2. 
For this reason, a SOFC having this kind of gas flow lay- 
out is generally called a cross flow type. 

5 [0009] In the cross flow type shown in FIG. 1 5, an air 
inlet 43 is provided on one of the four sides of each pla- 
nar type cell and an air outlet 44 is constituted on the 
opposite side thereof, whereas a fuel gas inlet 45 is 
given on one of the remaining sides and a fuel outlet 

10 (not shown) Is prepared on the facing side thereof. 
[001 0] On the other hand, there Is a planar cross flow 
type SOFC. in which each power generation film 2 is a 
flat plate without any dimple and grooves are provided 
In the interconectors 1 to constitute gas flow passages. 

15 A typical example of this corrf iguration is shown in FIGS. 
17 and 18. 

[001 1 ] FIG. 1 7 is an exploded perspective view of the 
said SOFC; FIGS. 18(a) and 18(b) are sectional views 
taken along line X-X and line Y-Y in FIG. 17, respec- 
20 tively 

[0012] Each power generation film 2 is a flat plate 
wittiout any dinple. and is composed of a sdid electro- 
lyte film 20, an oxygen electrode 23 on one side of the 
power generation film 20. and a fuel electrode 24 on the 

25 Other side thereof in FIG. IS. 

[0013] In FIG. 17, reference numeral 1 denotes an 
intermediate interconnector on both sides of which mul- 
tiple rows of grooves 33 for gas flow are provided along 
the direction of gas flow. Reference numerals 1c and Id 

30 in the same figure indicate an upper interconnector and 
a lower interconnector of the stack 1 1 , respectively. On 
; tfie surface feeing a power generation film 2 of each of 
: these interconnectors. multiple grooves 33 are provided 
along the direction of gas flow, and the opposite surface 

35 thereof is usually flat to fit power collecting parts for tak- 
, : ing out electric current. The interconnectors 1. the 
upper Interconnector 1 c and the lower interconnector 1d 
alternately isolate the power generation films 2. thereby 
forming air flow passages 41 and fuel gas flow pas- 

40 sages 42 between themselves and the adjacent power 
generation films 2, and having at the same time func- 
tions tor electrical series connection by contacting or 
connecting with the protrusions 32 of the interconnec- 
tors and the oxygen electrodes 23 as well as the fuel 

45 electrodes 24 of the adjacent power generation films. 
[0014] In FIG. 1 7, the SOFC stack 1 1 is composed of 
an upper interconnctor 1c. a power generation film 2, an 
intermediate interconnctor 1 , a power generation film 2, 
.... a lower interconnector Id, which are superposed 

so alternately from top to bottom, thus constituting a uni- 
fied structure. The stack 1 1 1s then kept in a temperature 
range of 800°C-1000**C. and power is generated, as 
shown in FIG. 1 8. by letting air flow through the air flow 
passages 41 and a fuel gas through the fuel gas flow 

55 passages 42. 

[0015] In a SOFC. the operation temperature is as 
high as SOO^C- 1000^*0. and the reaction in the fuel cell 
generates heat. As a result the temperature distribution 
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in the fuel cell is such that the area near the gas inlet is 
in a low temperature range and the area near the gas 
outlet is in a high temperature range. In the SOFC's as 
shown in FIGS. 15 - 18 in which the gas flow occurs 
according to the cross flow method, a tenrtperature dis- 
tribution as shown in FIG. 20(a) is observed. The % val- 
ues in FIG. 20(a) indicate approxiniate ratios when the 
temperature difference between the gas inlet and the 
gas outlet is regarded as 100%. Once such a tempera- 
ture distribution occurs, thermal stress is generated in 
each part of the fuel celL If the thermal stress becomes 
too high, the heat build-up associated with the cell reac- 
tion increases by taking out much output, for example, 
and an excessive temperature difference between the 
gas inlet and the gas outlet results in a higher thermal 
stress, thus causing the electrical connection between 
the stacked cells to deteriorate partially, or damaging 
the surrounding gas seal parts to cause a decrease in 
power generation capability, which in sonie cases could 
lead to fractures of the interconnectors or the power 
generation films. In such cases, the expected power 
output cannot be obtained and the function as a fuel cell 
itself may be lost. 

[0016] One of the means to avoid such trout)le is to 
decrease the temperature difference between the gas 
inlet and the gas outlet of the fuel cell by providing much 
air to remove the reaction heat of the cell, thus maintain- 
ing reliable characteristics of the fuel cell. 
[OCM 7] However, such a method requires high ventilat- 
ing power to send a large volume of air. as well as a 
large-sized heat exchanger or heater in order to preheat 
the large volume of air up to a temperature cbse to the 
operating tenrperature of the SOFC. As a result, the fuel 
cell becomes uneconomical as a power generation unit 
[0018] On the other hand, as a structural means to 
solve the above problem, there is the so-called co-flow 
method by whrch the air and the fuel gas flow parallel to 
each other in the same direction; ^ > 

[001 9] A typical example which employs this method 
is shown in FIGS. 21 and 22; In these figures, reference 
numeral 5 denotes a header; 6, a gas pre-f low rectifying 
section. Both 5 and 6 are provided as rectifying sections 
for the air or the fuel gas to flow uniformly in one direc- 
tion. The other reference numerals are the same as 
those explained in FIGS. 15, 16 and 17, 18. 
[0020] In the SOFC illustrated in FIGS. 21 and 22. in 
which the co-flow method is employed, a tennperature 
distribution as shown in FIG. 20(b) is observed. In such 
a fuel cell, the tenrtperature increases gradually from the 
gas inlet toward the gas outlet of the cell, enabling rela- 
tively free thermal expansion with small self-constraint. 
As a result, the thermal stress caused by the heat build- 
up in the cell becomes also small. In summary, under 
the same condition, the heat distribution that occurs in 
the cell of the co-flow type shown in FIG. 20(b) results in 
lower thermal stress than in the cell of the aoss flow 
type in FIG. 20(a). thus inrproving the fuel cell charac- 
teristics and providing full performance of the fuel cell. 



[0021 ] By the co-flow method, however, it is necessary 
to prepare two kinds of gas inlet apertures 43. 45 for air 
and fuel gases, respectively, or outlet apertures 44, 64 
on one of the tour sides of the planar fuel cell, which 
5 requires a more complicated manifold structure for gas 
inlet and outlet. As a result, the co-flow method 
becomes inferior to the cross ftow method in terms of 
reliability and economy 

[0022] In order to obtain the temperature distribution 

10 as shown in FIG. 20(b), it is also necessary to let the 
gases flow uniformly in one direction. To realize this 
goal, the header 5 as in FIG. 21 or the gas pre-flow rec- 
tifying section 6 as in FIG. 22 has been invented. For a 
uniform gas flow, the header (reference numeral 5 in 

15 FIG. 21) and the gas pre-flow rectifying section (refer- 
ence numeral 6 in FIG. 22) need to be wide enough, 
which does not actually contritxjte to the power genera- 
tion itself, resulting in a relative decrease in the effective 
power generation area of the fuel cell (i.e. in the power 

20 generation film in FIGS. 21 or 22. the area contributing 
to the power generation for the hatched part that com- 
prises the oxygen electrode 23 on one side and the fuel 
electrode 24 on the other side). As a result, the fuel cell 
l>ecomes larger in order to obtain a desired power ut- 

25 put. and less economical as compared with the cross 
ftowmethod. 

[0023] As explained above, by the ctoss flow method, 
the air flow and the fuel gas flow are almost uniform in 
: one direction, and the cell reaction is efficient by using 

30 1 -nearly the entire surface of the power generation film, 
whereas Ngh thermal stress occurs, which may lead to 
-unreliable cell characteristics. By the co-flow method, 
on the other fiand. less thermal stress occurs, and 
' ; therefore better cell characteristics can be obtained as 

35 compared with the. cross f tow method However, a 
header or a gas pre-flow rectifying section which does 
. not contrit)ute to power generation becomes necessary 
. in order to realize an ideally uniform parallel gas flow in 
one direction for a sufficient cell performance, thus inev- 

40 : ttaJtAy requiring a larger fuel cell area to otjtain a desired 

" c power output which makes the co-ftow method less 
economical. For this reason, required is a fuel cell struc- 
ture which compensates the disadvantages of both of 
the above-mentioned gas flow methods. 

45 [0024] In view of the above problems, an object of the 
present invention is to provide a compact and economi- 
cal SOFC in which the thermal stress is low to realize 
reliable cell characteristics and the structure is simple to 
ensure a wide power generation area as is the case with 

so ■ a SOFC by the cross flow method. 

DISCLOSURE OF THE INVENTION 

[0025] The first daim of the present invention that 
55 attains the above object is realized in a planar type 
SOFC which comprises a power generation film or a 
plurality of power generation films, each having an oxy- 
gen electrode on one side and a fuel electrode on the 
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other side thereof, interconnectors sandwiching the said 
power generation ftlm(s). and a seal material surround- 
ing the four sides of the said power generation film(s). 
wherein electric energy is obtained by reacting an oxi- 
dant gas with a fuel gas electrochemically via the said 
power generation film(s). In the said SOFC, a fuel gas 
inlet aperture is provided over nearly the entire length of 
one of the four sides of each cell, the said side being on 
the fuel electrode side of the cell, and a fuel outlet aper- 
ture is provided over nearly the entire length of the 
opposite side thereof, whereas an air inlet aperture is 
provided on one of the remaining two sides thereof, the 
said air inlet aperture being located on the oxygen elec- 
trode side and in that half of the side which is closer to 
the gas outlet aperture, and an air outlet aperture is pro- 
vided on the side facing the said air inlet aperture, the 
said air outlet aperture being located in that half of the 
said side which is closer to the fuel gas outlet aperture, 
[0026] Such an embodiment provides a compact and 
economical SOFC in which the thermal stress is low to 
realize reliable cell characteristics and the structure is 
simple to ensure a large power generation area. 
[0027] The secorxl daim of the present irTvcnt!on is a 
planar type SOFC as in the first daim. wherein each of 
the said power generation films ss a solid electrolyte 
which conprises dimples over nearly the entire surface 
thereof, having an oxygen electrode on one side and a 
fuel electrode on the other side thereof. 
[0028] The third claim of the present invention is a pla- 
nar type SOFC as in the second claim, wherein the air 
inlet aperture constitutes a ceil on the right side of the 
fuel gas inlet aperture and another ceil on the left side 
thereof, the said cells being superposed alternately via 
interconnectors for electrical series connection in a uni- 
fied structure. : 

[0029] The fouftli claim is a planar type FOFC as in 
the second claim of the invention, which comprises mul- 
tiple layers of said interconnectors and said power gen- 
eration films arranged next to one another, wherein the 
fuel gas outlet aperture faces upwards atKl the fuel gas 
inlet aperture faces downwards. 
[0030] The fifth claim is a planar type SOFC as in the 
secorid claim, wherein the said fuel gas side and the 
said air side are replaced completely with each other. 
[0031 ] The sixth claim is a planar type SOFC as in the 
first daim, wherein each of the said power generation 
films is a rectangular planar solid electrolyte which com- 
prises a fuel electrode on one side and an oxygen elec- 
trode on the other side thereof, and grooves for gas flow 
are provided on both sides of each interconnector so 
that fuel gases or oxidant gases can be supplied to each 
electrode side of the adjacent p>ower generation films, 
whereas the four surrounding sides of each intercon- 
nector, except the gas inlet and the gas outlet, comprise 
a flat-surfaced support frame to support the adjacent 
power generation film(s) as welt as to insulate gases, 
and a fuel gas and air react electrochemically via the 
said power generation films in order to take out electri- 



cal energy. 

[0032] The seventh claim is a planar type SOFC as in 
the sixth claim of the invention, wherein the air inlet 
aperture forms a cell located on the right side of the fuel 

5 gas inlet aperture and another cell situated on the left 
side thereof, and the interconnectors and the power 
generation films are superposed alternately for electri- 
cal series connection in a unified structure. 
[0033] The eighth claim is a planar type SOFC as in 

10 the sixth daim, wherein the said interconnectors and 
the said power generation films are superposed in such 
a manner that the fuel gas outlet faces upwards and the 
fuel gas inlet faces downwards. 

[0034] The ninth daim is a planar type FOFC as in the 
15 sixth claim of the invention, wherein the said gas fuel 
side and the said air side are replaced completely with 
each other. 

[0035] The tenth claim is a planar type SOFC as in the 
second or the sixth claim of the invention, wherein the 
2G entire gas supply manifo'd or a part thereof is consti- 
tuted as an internal mar^iifdd system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0036] 

FIG. 1 is an exploded perspective view showing a 
planar type SOFC according to the first embodi- 
ment of the present invention. 

3c FIG. 2 is a sectional view along line X-X in FIG. 1 . 

FIG. 3 is a schematic view of the power generation 
film 2a in the first embodiment. 
FIG. 4 is a schematic view of the power generation 
film 2b in the first embodiment." 

35 FIG. 5 is a perspective view showing a vertically 
placed SOFC in which manifolds for gas supply and 
discharge are attached to the unified fuel cell struc- 
ture comprising a plurality of unit cells superposed 
- upon one another. 

40 FIG. 6 is a perspective view showing a horizontally 
placed SOFC in which manifolds for gas supply and 
outlet are attached to the unified fuel cell structure 
comprising a plurality of unit cells superposed upon 
one another 

45 FIG. 7 is an exploded perspective view showing a 
planar type SOFC according to the second embod- 
iment of the present in\'ention. 
FIG. 8(a) is a sectional view taken along line X-X, 
and 8(b) taken along line Y-Y in FIG. 7, respectively. 

50 FIG. 9 is a schematic view showing the intermedi- 
; , ate interconnector 1 a in the second errtoodiment of 
the present invention. 

FIG. 10 is a schematic view showing the intermedi- 
ate interconnector b1 in the second emtxxliment of 
55 the present invention. 

FIG. 11 is an exploded perspective view showing a 
planar type SOFC comprising internal manifolds 
according to the third emkxxiiment of the invention. 
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FIG. 12 is a sectional view taken along line X-X in 
FIG- 11- 

FIG. 1 3 is a schematic view of the power generation 
film 2a of a unit cell in the third embodiment of the 
invention. 

FIG. 1 4 is a schematic view of the power generation 
film 2b of a unit cell in the third embodiment of the 
invention. 

FIG. 15 is an exploded perspective view showing a 
solid oxide electrolyte fuel cell (SOFC) comprising 
dimples to provide gas flow passages according to 
the earlier technology. 

FIG. 16 is a sectional view taken along line X-X in 
FIG. 15. 

- FIG. 1 7 is an exploded perspective view showing a 
SOFC in which grooves are provided In intercon- 
nectors to form gas flow passages. 
FIG. 18(a) is a sectional view along line X-X. and 
18(b) taken along line Y-Y in FIG. 17, respectively. 
FIG. 19 shows isothermal diagrams of the unit cell 
of a power generation film. 

FIG. 20 shows isothermal diagrams of the unit cell 
of a power generation film. 

FIG. 21 illustrates gas flows in a SOFC comprising 
a header according to the co-flow method. 
FIG. 22 illustrates the gas flow in a SOFC compris- 
ing gas pre-f low rectifying sections according to the 
co-flow method- 

FIG. 23 is a sinplified perspective view of a SOFC 
comprising substacks in the fourth embodiment of 
the present invention. 

FIG. 24 is a simplified view of an air chamber in the 
fourth ennbodiment of the invention. 
FIG- 25 is a sinplified view of another air chamber 
in the fourth emljodiment of the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0037] In order to explain the present invention in 
more detail, preferred embodiments will be hereinafter 
desaibed with reference to the accompanying draw- 
ings, which in no way limit the invention. 

[EMBODIMENT 1] 

... ■ 
[0038] FIGS. 1 is an exploded perspective view of the 
planar type solid electrolyte fuel cell (hereinafter SOFC) 
in the first ennbodiment of the invention. FIG. 2 is a sec- 
tional view taken along line X-X in FIG; 1 . FIGS. 3. 4 are 
schematic views, each consisting of a side view and a 
sectional view, showing two different kinds of unit cells 
(power generation films 2a, 2b). FIGS- 5 and 6 are per- 
spective views of SOFC's in which manifolds for gas 
inlet and gas outlet are provided in a unified cell struc- 
ture comprising multiple layers of unit cells according to 
the present invention. 

[0039] In the first embodiment the present invention 
is applied to a SOFC in which the power generation 



films comprise dimples as in FIGS. 15 and 16 explained 
in the earlier technology. The planar SOFC according to 
the first emtKxiiment of the invention will be described 
with reference to FIG. 1 (exploded perspective view) 
5 and FIG.2 (sectional view taken along line X-X in FIG. 
1). 

[0040] Reference numerals 2a and 2b in FIG. 1 
denote power generation films, each of which is com- 
posed of a solid electrolyte film 20 comprising convex 
10 dimples 21 and concave dimples 22 almost all over the 
surface thereof, and the said electrolyte film having an 
oxygen electrode 23 on one side and a fuel electrode 24 
on the other side thereof. 

[0041] In FIGS. 1 and 2, the top side of the convex 
15 dimples 21 is the oxygen electrode 23. and the back 
side of the concave dimples 22 the fuel electrode 24. 
respectively. 

[0042] The power generation films 2a and 2b are eur* 
rourtded, except the inlet and the outlet aperture 

20 through which gases pass through, by the seal material 
3. thereby forming the air flow passages 41 and the fuel 
gas f k>w passages 42 which are each sandwiched 
between one powers generation film and the adjacent 
. interconnector 1 as illustrated in FIG. 2. 

25 [0043] The power generation film 2a and the power 
generation film 2b have different air flow passages, 
which are shown in FIGS. 3 and 4 by using their respec- 
tive side views and sectional views taken along lines X- 
X and Y-Y. In these figures, the middle part of the top 

so side of the power generation films 2a and 2b is the oxy- 
gen electrode 23..and the back side is the fuel electrode 
: 24. with the solid electrolyte film 20 sartdwiched 

between both electrodes. . . = : > 
. [0044] The part .constituted by the . electrodes 23 and 

35 24 is the area in which cell reactions take place, and is 
generally called the effective power generation part, the 
surface area thereof being the effective power genera- 
tion area. ;i i - : . 

[0045] Numeral 45 in FIG; 3 denotes a fuel gas inlet 

40 aperture which is open over nearly the entire length of 
one of the four sides on the fuel electrode side of the 
power generation f ilnns 2a and 2b, and numeral 46 r fer- 
ring to a fuel gas outlet aperture which is open over 
nearly the entire le^ngth of the opposite side of the fuel 

45 inlet aperture 45. with the remaining sides being sur- 
rounded by the seal material 3 . 
[0046] Reference numerals 43a, 43b in FIGS. 3 and 4 
denote air inlet apertures; 44a and 44b. air outlet aper- 
tures, respectively. The air inlet apertures 43a. 43b and 

so the air outlet apertures 44a. 44b are provided on on of 
the other two sides of the rectangular power generation 
. film, on which neither the fuel gas inlet aperture 45 nor 
the fuel gas outlet aperture 46 is provided. The air inlet 
: apertures 43a. 43b are provided in approximately that 

55 tialf of the said side which is closer to the gas inlet aper- 
ture 45. and the air outlet apertures 44a, 44b in approx- 
imately that half of the side which is closer to the fuel 
gas outlet aperture 46. 



5 



0961333A1 I > 



9 EP 0 961 333 A1 10 



[0047] The part of the four sides other than the aper- 
tures is surrounded by the seal material 3. which means 
that, in the power generation film 2 as shown in the sec- 
tional view taken along line X-X in FIG. 3. the air is sur- 
rounded by the seal material 3 so as to enter from the 
air inlet aperture 43a situated in the lower hght side in 
FIG. 3(a], and is guided to the air outlet aperture 44a sit- 
uated on the upper left side therein. 
[0048] Similarly, in the power generation film 2b 
shown in the sectional view taken along line X-X in FIG. 
4, the air is surrounded by the seal material 3 so as to 
enter front the air Inlet aperture 43b situated on. the 
lower left side in FtG. 4(a}. and is guided to the air outlet 
aperture 44b situated on the upper right side therein. 
[0049] On the other hand, on the side of the fuel elec- 
trode 24 in the power generation films 2a and 2b shown 
in the sectional views taken along line Y-Y in FIGS. 3 
arKi 4, as indicated in FIGS. 3(d) and 4(d), the fuel gas 
is surrounded by the seal material 3 so as to enter from 
the fuel gas inlet aperture 45 located on the u|:^er side 
in these figures, and is guided to the fuel gas outlet 
aperture 46 located on the tov/er skie therein. 
[0050] In other words, the power generation films 2a 
and 2b are two different configurations in which the 
structure concerning the fuel gas flow passages 42 Is 
the same, whereas the air flow passages 41 are sym- 
metric with respect to the axis of fuel gas flow. 
[0051] The power generation films 2a. 2b having two 
such different structures are so arranged to constitLite a 
unified cell structure 12 (hereinafter stack 12), wherein 
from top to bottom an Interconnector 1 , a power gener- 
ation film 2a. an Interconnector 1. a power generation 
film 2b. etc., are alternately superposed upon one 
another, thus forming multiple layers with intorconnec- 
tors and pov/er generation films being sandwiched alter- 
nately, and the power generation films being stacked in 

an alternating sequence of 2a. 2b. 2a. 2b 

[0052] FIG. 5 is a perspective view exenrplifying a 
SOFC according to the present invention; wherein the 
stack 12 thus constituted is placed vertically and is pro- 
vkjed with manifolds for gas supply and discharge.. 
[0053] In the said figure, reference numerals 53a, 53b 
denote air inlet manifolds; 54a, 54b. air outlet manifolds; 
55. a fuel gas Inlet manifold; 56, a fuel gas outlet mani- 
fold. 

[0054] The air inlet manifold 53a is attached so that 
about a half of the total inlet air volume Is provided to the 
oxygen electrode skie of each power generation film 2a. 
whereas the air outlet manifbki 54a is fitted so that all 
the air that has passed the power generation films 2a 
can be discharged- 

[0055] In a similar manner, the air inlet manifold 53b 
and the air outlet manifold 54b are attached so that 
about the remaining half of the total inlet air volume is 
provkled to. and discharged from the oxygen electrode 
side of each power generation film 2b. 
[0056] On the other hand, the fuel gas inlet manifold 
55 Is fitted so that the whole Inlet fuel gas can be sup- 



plied to the fuel electrode side of all the power genera- 
tion films 2a and 2b, whereas the fuel gas outlet 
manifold 56 is attached so that the whole fuel gas after 
the cell reaction can be discharged. 

5 [0057] Reference numeral 71 in FIG. 5 denotes a cur- 
rent collector plate; 72 and 73, current collector bars 
and current collector parts, respectively. 
[0058] FIG. 6 is a perspective view illustrating a SOFC 
in which the stack 12 shown in FIG. 1 is placed horizon- 

10 tally, wherein the numerals refer to the same compo- 
nents as in FIG. 5. 

[0059] In the horizontally placed SOFC shown in FIG. 
6. the fuel gas inlet manifold 55 is fitted on the lower side 
of the horizontally placed stack 1 2, arxJ the fuel gas out- 

75 let manifold 56 on the upper side thereof, whereas the 
air inlet manifolds 53a, 53b are fitted in about that lower 
half of the side of the horizontally placed stack 12 which 
is closer to the fuel gas inlet manifold 55, and the air out- 
let manifolds 54a. 54b are fitted in about that upper hialf 

20 of the side of the stack ,1 2 which is closer to the fuel gas 
outset manifold 56. 

[0060] . In order to generate power in a SOFC of the 
present Invention, the temperature Is kept at 
800**C-1000**C as in conventional SOFC's. and an oxi- 

25 dant gas (e.g. air, hereinafter air) and a fuel gas are pro- 
vided to flow in their respective flow passages. In the 
. SOFC in which the power generation films 2a are so 
constituted as in FIGS. 1, 2. 3. 5 and 6. air is supplied 
from the air inlet manifold 53a, passing through the air 

30 inlet aperture 43a. and after a heat generating reaction 
in the effective power generation area which constitutes 
both electrodes of each power generation film 2a. the 
remaining air (hereinafter exhaust air) is guided through 
thie air outlet aperture 44a and discharged to the air out- 

55 let manifoki 543.. 

[0061 ] Then, in the SOFC In which the power genera- 
tion films 2b are so constituted as in FIGS. 1 . 2. 4. 5 and 
G of the present invention, air is supplied from the air 
inlet manifold 53b. passing through the air Inlet aperture 

40 43b. and after a heat generating reaction in the effective 
power generation area which constitutes both elec- 
trodes of each power generation film 2b., the exhaust air 
is guided through the air outlet aperture 44b and dis- 
charged to the air outlet manifold 54b. 

45 [0062] The fuel gas, on the other hand, is supplied 
from the fuel gas Inlet manifold 55, passing through the 
fuel gas inlet aperture 45, and after a heat generating 
reaction in the effective reaction area of the power gen- 
eration films 2a and 2b, the exhaust fuel gas is guided 

so through the fuel gas outiet aperture 46 and discharged 
to the fuel gas outlet manifold 56. 
[0063] The above-mentioned reaction generates heat 
so that the temperature near the gas supply area is 
lower than that in tiie gas outlet area. The temperature 

55 distrtoution varies deperKJing on the elech^ode charac- 
teristics, the inlet temperature of each gas. and tiie gas 
volume. FIG. 19(a) shows, as an example, an isother- 
mal diagram of the unit cell of the power generation film 
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2a. The % values in the figure indicate ratios when the 
temperature difference between the gas inlet and the 
gas outlet is assumed to be 100%. Even if the tempera- 
ture difference varies when the gas conditions, etc.. 
change, the isothermal diagram remains almost the 
same. 

[0064] In the power generation film 2b. the fuel gas 
flow is in the same direction as In the power generation 
film 2a, and the air flow is symmetric with respect to the 
axis of fuel gas flow in the power generation film 2a. As 
a result, an isothermal diagram as shown in FIG. 19(b) 
is obtained. 

[0065] These isothermal diagrams in FIGS. 19(a), 
19(b) are more similar to that by the parallel method as 
shown in FIG. 20(b) as compared with the isothermal 
diagram of the cross flow type given in FIG. 20(a), thus 
lowering thermal stress and preventing deterioration of 
the fuel cell performance which may be caused by shear 
or separation of the electrical connection or sealing 
between the power generation films and the intercon- 
nectors. Besides, reliable characteristics of the cell can 
also t>e ensured, because cracks between the power 
generation films and the interconnectors as wet I as 
other similar problems due to excessive local thermal 
stress can be avoided. 

[0066] In summary, In a SOFG which comprises either 
the power generation film 2a or the power generation 
film 2b of the present invention, the aforementioned 
problems associated with the cross flow method and the 
co-flow method can be solved at the same time, and the 
advantages of both methods can be realized. 
[0067] Furthermore, in the pow&r generation flings 2a 
and 2b of the present invention, the isothermal dia- 
grams in FIGS. 19(a) and 19(b) are symmetric with 
respect to the direction of fuel gas flow, as far as the gas 
is supplied to the power generation filnrts urKler the 
same condition. As a result, in the SOFC comprising the 
stack 12 in wNch the power generation films 2a and 2b 
are superposed alternately with interconnectors sarKl- 
wiched ' in-between as in FIGS. 1. 5 and 6. heat 
exchange in the height direction (i.e. perpendicular to 
the layers of the stack) is promoted, resulting in a uni- 
form temperature distribution throughout the stack 12. 
[0068] In other words, in the FOSC in which the layers 
are so superposed as in FIGS. 1 . 5 and 6, an isothermal 
diagram as shown in FIG. 19(c) is otjtained. which is 
more similar to that in FIG. 20(b) than to those given in 
FIGS. 19(a) and 19(b). Therefore, the heat stress in this 
case is almost equal to that of the parallel flow method, 
and is smaller thcin in the SOFC in which only one of the 
power generation films 2a or 2b is used. As a result, reli- 
able characteristics of the cell can be ensured. 
[0069] In the present invention, it is desirat)le to incor- 
porate each interconnector 1 In a thin and flat shape as 
shown in FIG. 1, because more heat exchange in the 
direction perpendicular to the layers lowers thermal 
stress and enhances the characteristics of the fuel cell. 
One of the means to promote such heat exchange is. for 



exannple. to provide grooves in the interconnectors. 
which inaease the surface area that comes in direct 
contact with the gases, and significantly decrease the 
thermal stress in the present invention. 

5 [0070] In contrast to the SOFC according to the con- 
ventional co-flow method shown in FIG. 21. a SOFC 
according to the present invention does not require a 
header 5. which does not contribute to power genera- 
tion, in order to rectify the gas flow, and can provide oxy- 

10 gen electrodes and fuel gas electrodes over a wide 
range of solid eletrolytes. thus Increasing the effective 
area that can be used for power generation. 
[0071 ] This means that the area for the header 5 can 
be used as part of the effective power generation area. 

IS and as a result, the effective power generation area of 
the emlxxJiment of the invention shown in FIG. 2 is 10% 
25% larger than that of a SOFC by the conventional 
co-fldw method which needs a header shown rn-F4G. 
21 , In other words, in order to obtain the same power 

20 . output in the present invention as in the conventional 
SOFC. only 80% - 90% of the amount of unit cells of 
the conventional fuel cells are required. 
[0072] As shown in the perspective views in FIGS. 5 
and 6, even if manifolds arrd current collector parte are 

25 fitted to the. SOFC of the invention, sufficient compact- 
ness can bB ensured, thus providing a highly economi- 
cal SOFC. ; - 

[0073] In the horizontally placed SOFC of the present 
invention as shown in FIG. 6. the gas inlet aperture 
30 . (43a. 43b,- 45 in FIG. 1) which Is in a lower temperature 
range Is arranged on the lower side of the horizontally 
placed stack 12, and the gas outlet aperture (44a, 44b. 
• 46 in FIG. 1) which is in a higher temperature range due 
. to the heat generating cell reaction is on the upjDer side 
35 of the horizontally placed stack 12. In such an an-ange- 
; ment. about a half of the total inlet air volume is supplied 
from the air. inlet manifold 53a to the oxygen electrode 
side of the power generation fOm 2a. and after being 
'■• gradually heated up by the cell reaction of the power 
40 generation film 2a. discharged to the air outlet manifold 
54a. Similarly, about the remaining half of the total inlet 
■ air volume is supplied from the air inlet manifold 53b to 
• the oxygen, electrode side of the power generation film 
2b. and after being gradually heated up by the cell reac- 
ts tion, discharged to the air outlet manifold 54b. The fuel 
gas. on the other hand, is supplied from the fuel gas 
inlet manifold 55 to the fuel gas electrode side of the 
power generation films 2a. 2b, and after being gradually 
heated up by the cell reaction, discharged to the fuel 
50 gas outlet manifold 56. 

[0074] In the horizontally placed SOFC shown in FIG. 
6 of the invention, the gas flow passage is so constituted 
that the air and the fuel gas are guided from the lower to 
the uF>per part, then being heated by the cell reaction, 
55 resulting in txjoyancy due to a reduced specific weight, 
which makes the gas flow from the lower to the upper 
part snroother than in a vertically placed SOFC such as 
in FIG. 1. 



7 



BNSOOCID: <EP 0961333A1,I> * 



EP 0 961 333 A1 14 



13 

[0075] Therefore, in the horizontally placed SOFC in 
FIG. 6. the temperature difference between the gas inlet 
aperture and the gas outlet aperture in the cell becomes 
smaller than that in the vertically placed SOFC shown in 
FIG. 5. thus limiting the heat stress to provide a SOFC 5 
which is not only highly reliable, but also economical as 
the energy required for gas supply can be kept at a low 
level. 

[0076] As described above, in a SOFC according to 
the present invention, the temperature distribution in the ic 
stack due to the heat generation by the cell reaction can 
be similar to that of a FOSC according to the co-flow 
method, and the heat stress can be made smaller than 
that of a SOFC by the cross flow method, thus making it 
possible to reduce damages in the electrical connection 15 
between the power generation films and the intercon- 
nectors or in the sealing part, as well as cracks and 
other problems in the power generation films or in the 
irrterconnectors, As a result, a highly reliable SOFC can 
be provided. - 20 

[0077] in addition, a SOFC of the preserrt invention 
does not require a gas flow rectifying section (where no 
power is generated) which is one of the disadvantages 
of the co-flow method, and can ensure an effective 
power generation area which is comparable with that by 25 
the cross flow method, thus providing a compact and 
economical SOFC. 

[0078] In summary, the present invention provides a 
SOFC that compensates the disadvantages of the cross 
flow method and of the co-flow method, and realizes the 3C* 
advantages of both methods at the same time/ 
[0079] In the above explanation refen-ing to FIGS. 1 . 
2, 3. 4 and 5. the upper side of the power generation 
films is the oxygen elect'ode and the lower side thereof 
is the fuel electrode. Hovi/ever, the upper side and the 35 
lower side may be reversed. 

[0080] It is also possible to replace the oxygen elec- 
trode side and the fuel electrode side completely with 
each other to realize a SOFC which comprises two 
kinds of fuel gas passages arid one kind of air flow pas- 40 
sage, with an effect provided by the present invention. 
[0081] In the embodiments descrifcjed atKjve. a config- 
uration in which power generation films are superposed 
via irrterconnectors corrprising grooves as in FIG. 1 , 
and another configuration in which power generation 45 
films comprise dimples all over the surface thereof as in 
FIG. 2 are exemplified. However, it goes without saying 
that the present invention is not limited to such embodi- 
ments, and can be applied to any form of fuel ceil. 

.\ 50 

[EMBODIMENT 2} 

[0082] Fig. 7 is an exploded perspective view showing 
a planar type solid oxide el ctrolyte fuel cell (hereinafter 
SOFC) according to the second embodiment of the ss 
invention; Fig. 8(a). a sectional view taken along line X- 
X in FIG. 7; FIG. 8 (b), a sectional view taken along line 
Y-Y in FIG. 7. FIGS. 9 and 10 are schematic views of 



intermediate interconnectors according to the second 
embodiment, illustrating two different groove patterns 
as air flow passages. 

[0083] The second embodiment is an example in 
which the present invention is applied to a typical planar 
SOFC by the cross flow method as shown in FIGS. 17, 
18(a) and 18(b). 

[0084] The planar SOFC according to the second 
embodiment of the invention will be described with ref- 
erence to the exploded perspective view in FIG. 7, the 
sectional view shown in FIG. 8(a) taken along line X-X, 
and FIG. 8(b) along line Y-Y in FIG. 7, respectively, as 
well as the schematic views in FIGS. 9 and ID. Refer- 
ence numeral 2 in FIGS. 7, 8(a) and 8(b) denotes a 
power generation film. Each power generation film 2 is 
composed of a planar solid electrolyte film 20 which 
comprises an oxygen electrode 23 on one side and a 
fuel electrode 24 on the other side thereof. In the draw- 
ing, the upper side of the power generation film 2a is the 
fuel electrode 24 and the lower side the oxygen elec- 
trode 23: Reference numerals la, 1b. 1c and Id in the 
drawing refer to the interconnectors which are super- 
posed alternately with power generation films 2 to form 
a unified cell structure 13 (hereinafter stack 13). 
[0085] FIGS. 9 arKJ 10 are schematic views of inter- 
connectors 1a. lb, respectively. The interconnectors la 
and 1b are those wtiich are placed in the intermediate 
layers of the stack 13 as shown in FIG. 7, both sides of 
.which are surrounded by the support frame 31 of the 
power generation films, except the gas inlet aperture 
and the gas outiet aperture where tiie gases pass. The 
support frame 31 and tiie circumference of the power 
generation films 2 contact tightiy with the sandwiched 
seal material 3, thus securing tightness for the gases 
that flow through the inside of the cell. 
[0086] On both sides of the interconnectors 1 a and 1 b, 
multiple island-shaped prot-usions 32 are arranged in 
an orderly manner to constitute multiple rows of gas 
flow grooves 33. The top of the island-shaped protru- 
sions 32 contacts or connects with the fuel electrode 24 
or the oxygen electrode 23. thus supporting the power 
generation films 2 as well as connecting the adjacent 
power generation films electrically in series. As shown 
in FIFS. 9 and 10, the interconnectors la and lb are dif- 
ferent concerning the shape of the air flow passage 41 
which contacts the fuel electrode side of the adjacent 
pov/er generation film, and are the same concerning the 
shape of the gas flow passage 42 which contacts the 
fuel electrode side of the adjacent power generation 
film. 

[0087] Reference numerals 43a and 43b in FIGS. 9 
and 1 0 denote air inlet apertures; 44a and 44b. air outlet 
apertures; 45. a fuel gas inlet aperture; 46. a fuel gas 
outlet aperture. The fuel gas inlet aperture 45 is open 
along the whole length of one side of the rectangular 
interconnector, and the gas outlet aperture 46 is open 
along the whole length of the side opposite to the side 
which is provided with the fuel inlet aperture 45. 
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[0088] The air inlet apertures 43a. 43b and the air out- 
let apertures 44a. 44b are placed on the back side (the 
side which contacts the air electrode 23 of the power 
generation film) of the reniaining two sides of the rec- 
tangular interconnector. the said two sides having nei- 5 
ther the fuel gas inlet aperture 45 nor the fuel gas outlet 
aperture 46. The air inlet apertures 43a. 43b are pro- 
vided in about that half of the said side which is closer to 
the fuel gas inlet aperture 45, and the air outlet aper- 
tures 44a. 44b in atxMJt that half of the said side which is 70 
closer to the gas outlet aperture 46. 
[0089] In the interconnector la shown in FIG. 9. the air 
flow passage 41 is constituted on the surface of the 
interconnector so that the air enters through the air inlet 
aperture 43a which Is located in the lower right part and is 
is guided to the air outlet aperture 44a in the upper left 
part in FIG. 9(a). : 
[0090] In the interconnector 1b shown in FIG. 10. the 
air flow passage 41 is. constituted so that the air enters 
through the air inlet aperture 43b which Is located in the 20 
lower left part and is guided to the air outlet aperture 
44b in the upper right part in FIG.. 10(a). 
[0091] ' The fuel gas flow passages 42. on the other 
hand, have the sane shape In both interconnectors la 
and lb. As showvn In FIGS. 9(d) and 10(d). a support 2S. 
frame 31 for the adjacent power generation film is pro- 
vided in the circumference, and the fuel gas flowpas- 
sages 42 are constituted in the middle part of the 
interconnector surface, so that the fuek gas enters 
through the fuel gas inlet aperture 45, and is guided to so 
the fuel gas outlet aperture. 

[0092] As explained above, the interconnectors 1 a. 1 b 
are two differient structures In which the fuel gas flow 
passages 42 have the same shape, and the air flow 
passages 41 are symmetric with respect to the direction 35 r 
of the fuel gas flow. 

[0093] The interconnector 1c in FIG. 7 Is an upper 
interconector placed on top of the stack 13. the upper 
surface of which Is usually flat to fit current collector 
parts, and the lower surface of which has the same 40 
shape as the lower surface of the interconnector la or 
lb (FIG. 9(d) or FIG. 10(d)) described earlier, corre- 
sponding to the fuel electrode side of the ladjacent 
power generation film 2. The interconnector Id is a 
lower interconnector placed In the lower end of the stack 45 
13, the upper surface of which has the same shape as 
the upper surface of the interconnector la or lb (FIG. 
9(a) or FIG. 10(a)). con^esponding to the oxygen elec- 
trode Eitde of the adjacent power generation film 2, 
whereas the lower surface thereof is usually flat to fit so 
current collector parts: 

[0094] The interconnectors la. lb. 1c. Id. and the 
power generation films 2 having the above features are 
then superposed alternately as shown in FIG. 7. 
wherein, from top to bottom, an interconnector la. a ss 

power generation film 2. an interconnector lb a 

power generation film 2. an interconnector Id are alter- 
nately superposed, whereas the interconnectors except 



the uppermost and lowermost interconnectors 1c, Id 
constitute a unified structure (stack 13) in such a man- 
ner that the interconnectors la. lb. la, lb, ... are 
superposed alternately 

[0095] Compared with the stack 1 2 in the first embod- 
iment, the stack 13 thus constituted is the same as the 
first enrtbodiment of the present invention concerning 
the basic structure and functions, except that the inlet 
and outlet apertures as well as the flow passages are 
constituted differently Therefore, the SOFC of the sec- 
ond emkxxliment which is equipped with manifolds to 
supply and discharge gases can be regarded as the 
SOFC having the same appearance and functions as in 
the SOFC shown in FIG. 5. Also, similar to the first 
embodiment explained with reference to FIG. 6. the 
stack 13 can be placed horizontally with the fuel outlet 
aperture 46 toward upwards and the fuel inlet aperture 
45 toward downwards. 

[0096] When compared with the stack 12 in the first 
embodiment of the invention, the stack 13 constituted 
as in FIG- 7 has the same basic structure and functions 
in terms of gas supply and discharge, except that the 
gas fk)w passages which are sandwiched between the 
interconnectors and the power generation films are con- 
stituted differently, thus reducing the heat stress in a 
manner similar to the first embodiment, and providing a 
highly reliable SOFC as a result. 
[0097] Also in the second enntxxJiment. similar to the 
first embodiment, it is possible to increase the-surface 
area of the interconnectors that come in contact with 
gases to promote heat exchange and reach an effect 
intended by the present invention. For this reason, it is 
preferat)le to increase the number of grpoves^for gas 
flow on the surface of the interconnectors to obtain the 
largest possible contact surface with gases. In the stack 
13 in the second embodiment of the invention, similar to 
the stack 12 of the first embodiment, it is possible to 
adopt the configuration shown in FIGS. 5 and 6 in order 
to have comparable functions and effects, thus provid- 
ing a highly reliable and economical SOFC. . 
[0098] In FIGS. 7, 8(a). 8(b). 9(a). (b). (c). (d). 10(a). 
(b). (c). (d) explained above, the upper side of the power 
generation films is the fuel electrode, and the lower side 
thereof the oxygen electrode. However, the oxygen 
electrode side and the fuel electrode side may be 
reversed. A comparable effect can also be obtained by 
repl?icing the oxygen electrode side and the fuel elec- 
trode skJe conrpletely to constitute a SOFC having two 
kinds of fuel gas flow passages and one kind of air flow 
passage, thus realizing another SOFC according to the 
secorid embodiment of the invention. 
[0099] In the second embodiment of the invention, an 
example in which the interconnectors are provided with 
grooves to form gas passages is shown. However, as 
explained in the first embodiment, as far as gas pas- 
sages can be constituted between the interconnectors 
and the power generation films to provide gases to both 
electrodes of the power generation films and electrical 
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connections (contact or connection between the inter- 
connectors and the power generation films) can be pro- 
vided, any configuration can constitute a SOFC of the 
present invention to obtain similar effects. 

5 

[EMBODIMENT 3] 

[0100] Fig. 11 is an exploded perspective view show- 
ing a planar type solid electrolyte fuel cell (hereinafter 
SOFC) according to the third embodiment of the inven- io 
tion; FIG. 12. a sectional view taken along line X-X in 
FIG 1 1 ; FIGS. 13 and 14, each showing a side view and 
sectional views to illustrate two. types of unit cells with 
internal manifolds, in which different kinds of air flow 
passages are realized. 15 
[0101] In FIGS. 5 and 6, an example is shown in which 
manifolds for gas supply and discharge are attached to 
the outside of the stack 1 2 according to the first embod- 
iment of the invention. This type of gas supply and dis- 
charge is generally called an external manifbld type. On 20 
the other hand, there is a SOFC called an Internal man- 
ifold type in which the stack connprises the said rr^nifold 
function. In this case, through-holes are provided in the 
jnterconnectors and the power generation films as a 
means to cause gases to How: in ttie direction perpen- 2S 
dicular to the superposed layers, and the interconnec- 
tors and the power generation fslms are superposed 
alternately to form a unified structure in which a space 
having the same function as manifolds is formed inside 
the stack. 30 
[0102] To explain a SOFC according to the third 
embodiment, an example will be hereunder described in 
which the present invention is applied to the above- 
mentioned SOFC of the Internal manifold type. 
[0103] FIGS. 1 3 and 14 are schenratic views showing 35 
unit cells according to the third embodiment of the 
invention, con-esponding to the schematic views of the 
unit cells of the external manifold type aS; explained In 
FIGS. 3 and 4 in the first embodiment. Reference 
numerals in FIGS. 13, 14 conrespond to those In FIGS 40 
3 and 4, and their basic structures and functions are the 
same. 

[0104] On the fuel electrode side of one of the four 
sides of the rectangular power generation films 2a and 
2b. a fuel inlet aperture 45 is provided over nearly the ^5 
entire length thereof, whereas on the air electrode side 
of one of the remaining two sides air inlet apertures 43a, 
43b are provided in about that half of the said side which 
Is closer to the fuel inlet aperture., and air outlet aper- 
tures 44a. 44b are provided in eibout that half of the side so 
which is closer to the fuel gas outlet aperture, the said 
side facing the side with the air outlet apertures. 43a, 
43b. 

[0105] The difference between this embodiment and 
the first embodiment in FIGS. 3 and 4 is that six 55 
through-holes are provided in the interconnectors 1 and 
the power generation films 2a, 2b. Reference numerals 
61a and 61b in FIGS. 13 and 14 denote air supply 
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holes; 62a and 62b. air outlet holes; 63, a fuel inlet hole; 
64. a fuel gas outlet holes. 

[0106] In the power generation film 2a shown in FIG. 
13. the air supply hole 61a and the air inlet aperture 43a 
are connected with each other on the oxygen electrode 
side, whereas the air outlet hole 62a and the air outlet 
aperture 44a are connected with each other. The cir- 
cumference of the other through-holes 61b. 62b, 63 and 
64 is surrounded and insulated by the seal material 3, 
so that no gas can Invade the oxygen electrode 23 of 
the power generation film 2a. 

[0107] The air which is supplied front the air supply 
hole 61a to the air inlet aperture 43a is surrounded by 
the seal material 3 so as to pass the oxygen electrode 
surface 23. going through the air outlet aperture 44a, 
and is discharged to the air outlet hole 62a. Similarly, in 
the power generation film 2b shown in FIG. 14. the air 
which is supplied from the air supply hole 61b to the air 
Inlet aperture 43b Is surrounded by the seal material 3 
so as to pass the oxygen electrode surface 23. going 
trough the air outlet.aperture 44b, and is discharged to 
the air outlet hole 62b. 

[01 08] The Interconnectors and the power generation 
films connprlsing the above features are superposed 
alternately to form a unified fuel cell 14 (hereinafter 
stack 14). wherein the power generation films are also 
superposed alternately in a sequence 2a. 2b. 2a. 2b. 
etc. 

[01 09] In the stack 1 4 thus constituted, through-holes 
provided in each interconnector and each power gener- 
ation film are superposed in the direction perpendicular 
to the layers to form manifolds inside the stack. In such 
a manner, a SOFC which is equivalent to the SOFC of 
the extremal manifbld type in the first embodiment In 
FIG. 5 in terms of structure and functions Is realized. 
Also, in a horizontal arrangement in which the fuel gas 
outlet aperture 46 in the stack 14 of the third embodi- 
ment is placed toward upwards and the fuel gas inlet 
aperture 45 toward downwards, a SOFC equivalent In 
terms of structure and functions to the SOFC of the 
externaLmanifold type shown ?n FIG. 6 can be realized. 
[01 1 0] The stack 1 4 in the SOFC of the Internal man- 
ifbld type which is constituted by superposing the inter- 
connectors and the power generation films shown in 
FIG. 11 alternately is equivalent in terms of structure 
and functions to the SOFC shown in FIGS. 3 and 6 in 
which manifolds are provided externally as in the first 
embodiment of the Invention. As a result, an effect sim- 
ilar to that explained in the first embodiment can be 
obtained in the third embodiment as well, thus providing 
a compact and economical SOFC. 
[01 1 1] In the third embodiment of the invention as In 
FIGS. 11,12,13 and 1 4, the upper surface of the power 
generation films 2a. 2b are the oxygen electrode, and 
the lower surface thereof the fuel electrode. However, 
the upper side and the lower side maybe reversed. Also, 
in a SOFC of the Internal manifold type constituted by 
replacing the oxygen electrode side and the fuel elec- 
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trode side completely to comprise two kinds of gas fuel 
passages and one kind of air passage, an effect similar 
to that explained in the first embodiment can be 
obtained, as an example of the third embodiment of the 
invention. 

[0112] Furthermore, in the interconnectors and the 
power generation films shown in FIGS. 7, 8(a). 8(b), 
9(a). (b). (c). (d) and 10. similar to the manner explained 
in FIG. 1 1 . a stack of the internal manifold type having a 
structure and a function equivalent to that of a SOFC of 
the invention can be obtained by providing 6 through- 
holes in the circumference. It is also possible to use the 
ascending flow caused by the buoyancy of the heated 
gas by the horizontal arrangement in which the fuel gas 
outlet aperture faces upwards, thus incorporating excel- 
lent reliability and economy. In the third embodiment of 
the invention, an example is shown in which Internal 
manifolds are applied to all the gas Inlet and outlet aper- 
tures in 6 positiorre. However, if some of these are of the 
external manifold type, for example, the fuel gas side is 
of the external manifold type and the air side is of the 
internal manifold type, functions arxl effects of the 
present invention can be ensured by providing the inter- 
connectors and the pcwer generation films with air inlet 
and outlet through-holes in 4 positions, and superpos- 
ing them alternately, etc. 

[EMBODIMENT 4] 

[01 1 3] FIG. 23 is a simplified dravinng of a planar type 
solid electrolyte fuel cell (SOFC) according to the fourth 
embodiment of the invention. FIG. 24 (a) is a sectional 
view of the major part of an air chamber of the fourth 
embodiment. FIG. 24 (b) is a sectional view of another 
air chamber of the fourth emlxxJiment. 
[01 1 4] This embodiment is a variation of the horizon- 
tally placed fuel cell in the first embodiment shown in 
FIG. 6, wherein a substack as a unit is composed of 
multiple rows of vertically arranged power generation 
films with interconnectors sartdwiched in-between. an6 
ten such substacks 101 are connected like a freight train 
using intermediate current collector parts to form a hor- 
izontally placed stack train 102, thus constituting a hori- 
zontally placed SOFC. 

[0115] The first substack and the tenth substack at 
both ends of the horizontally placed stack train 102 are 
each equipped each a current collector plate 109 com- 
prising a current collector bar 108 in order to collect cur- 
rent. The horizontally placed stack train 102 is 
contained in a fuel cell chamber which is not shown in 
the drawing in a state in which the current collector bars 
108 are pressurized from tx^th ends. 
(01 1 6] In the present embodiment, the current collec- 
tor part which is not shown in the drawing comprises 
lead wires 1 10 for current bypass in FIG. 23. For the 
lead wires 110. cables which are connposed.of nickel 
wires or plates can be used. Even if lead wires 110 are 
used, there is no danger of the said lead wires being 



oxidized, because the inside of the substack containers 
is situated lower than the environment in which reduc- 
tion by fuel outlet gases can occur. 
(01 1 7J The lead wires 1 1 0 can be used to measure the 

5 voltage of the substacks constantly so that a bypass cir- 
cuit can be formed as soon as any of the substacks fails, 
thus making it possible to prevent the other substacks 
that still function properly from being deteriorated, and 
improve the reliability of the cell operation. 

10 [01 18] In this horizontally placed fuel cell, each sub- 
stack comprises a gas supply chamber. In FIG. 23. air 
chambers are provided on both sides, and fuel cham- 
bers are placed on the lower side of the stacK so that 
the gas is supplied from the lower part to the upper part. 

15 In the present emtxxdiment. the fuel chianft>ers are omit- 
ted in the drawing. 

[01 19] In each of the above substacks 101 , a multiple 
rujmber of (e.g. ten) power generation films are coo- 
nected with interconnectors sandwiched in-between. 

so and. for example, ten such substacks are placed in a 
■ row to form a fuel cell. In the present emtxxJimertt. the 
air flow of the first, third, fifth, seventh and ninth sub- 
stadcs and the air flow of the secorKi, fourth, sixth. 
~ eighth arKi tenth , substacks are exchanged with each 

25 other on a sutjstack basis. 

[0120] The air flow of the substacks on the air elec- 
trode side is illustrated in FIG. 24. FIG. 24 (a) shows the 
air flow of the first, third, fifth, seventh and ninth sub- 
stacks, and FIG. 24 (b) the air flow of the second, fourth, 

30 sixth, eighth and tenth substacks in FIG. 23. respec- 
tively^ . 

[0121] In the case illustrated in FIG. 24<a). the air from 
the air inlet pipe 112 is introduced inside from the air 
inlet apertui-e 1 1 ia having an opening provided in about 
35 the lower half of the rigftt side in the drawing, and the air 
' thus irtroduced is gradually warmed by the cell reaction 
and flows up dia'gcniaily upwards along the air electrode 
surface of the power generation film 113, whereas the 
* exhaust air is discharged from the air outlet aperture 
40 •114a having an opening in' al>out the upper half of the 
left side of the drawing and through the air outlet pipe 
115. The fuel gas. on the other hand, is supplied from 
the fuel combustion chamber 116 placed in the lower 
' part of the stack. - 

45 [0122] In the case shown in FIG. 24(b). the air from 
the air inlet pipe 112 is introduced inside from the air 
inlet aperture 111a having an opening in about the 
lower half of the left side in the drawing, and the air thus 
introduced is gradually warmed by the cell reaction and 

so f lovvs up diagonally upwards along the air electrode sur- 
face of the power generation film 113. whereas the 
exhaust air is discharged from the air outlet aperture 
114a having an opening in about the upper half of the 
right side in the drawing and through the air outlet pipe 

55 115. The fuel gas. on the other hand, is supplied from 
the fuel chamber 116 placed in the lower part of the 
slack. 

[01 23] Although the temperature distribution is asym- 
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metric in each individual substack as shown in FIG. 19, 
substacks having opposite air supply directions can be 
combined with each other to realize a uniform tempera- 
ture distribution in the fuel cell as a whole, and as a 
result, the heat stress is comparable with that of a co- 
flow type, thus ensuring reliable cell characteristics. 
[0124] In summary, in the horizontally placed fuel cell 
in FIG. 23, similar to the horizontally placed fuel cell of 
the present invention shown in FIG. 6. the gas flow pas- 
sages are so constituted that the air and the gas are 
guided from bottom to top. being warmed by the heat 
generated by the cell reaction, wherein the air and the 
gas thus heated decrease in specific weight and cause 
buoyancy which makes the gas flow from bottom to top 
smoother as conrtpared with the vertically placed 
arrangement shown in FIG. 1 . 

[0125] This means that also the horizontally placed 
SOFC in FIG. 23. as compared with the vertically 
placed SOFC of the laminated type shown in FIG. 5. the 
temperature difference between the gas inlet aperture 
and the outlet aperture in the cell can be decreased, 
thereby reducing the heat stress, thus providing a highly 
reliable SOFC, while keeping the energy required for 
gas supply at a low level to offer an economical SOFC. 
[0126] In the substacks in FIG. 23 described above, 
the air is supplied alternately in each individual stack. 
However, it is also possible to introduce the air alter- 
nately in each individual power generation film within 
one substack. so as to realize a more uniform tenrpera- 
ture distribution. 

[0127] FIG. 25 illustrates an example in which the air 
is introduced alternately to the air electrodes in each 
individual substack. 

[0128] In the example shown in FIG. 25(a). four power 
generation films are alternately sandwiched via inter- 
connectors 1 . whereas unified air supply chambers are 
provided on both sides to constitute a stack 201 . 
[0129] The air chambers 202 on both sides are each 
divided into the upper and the lower chamber by the 
separation wall 203. wherein the air supply pipe 204 is 
connected to the lower chamt>er 205 and the air outlet 
pipe 206 connected to the upper air chamber 207. and 
the air inlet apertures 205a having an opening about 
half the size of the fuel supply side are placed alter- 
nately in a row to supply air alterr^tely from the left and 
from the right, whereas the air is discharged alternately 
through the outlet apertures 207a wNch are located 
diagonally upper left to the air inlet apertures and have 
each an opening of about half the fuel outlet side, so 
that the tenperature distribution becomes uniform 
within each individual stack, thus activating the cell 
reaction. In this case, the heat of the discharged air can 
be used to warm the supplied air without any special 
equipment because the air is supplied and discharged 
through double pipes, thus adding the function of a heat 
exchanger easily to the part of the embodiment. Simi- 
larly, in an embodiment in which the fuel is supplied and 
discharged through double pipes, the oxygen electrode 



side and the fuel electrode side can be replaced com- 
pletely with each other to add the function of a heat 
exchanger easily, wherein it is also possible to realize a 
gas reforming function readily and at a low cost in a lim- 
5 ited space by providing a catalyst layer in the gas supply 
pipes, it. for example, town gas is used as the fuel for 
cells. 

[0130] As explained above, the air chambers that 
serve as manifolds for air supply can be made smaller 
10 by limiting the number of power generation films which 
constitute the substacks. Furthermore, by connecting a 
plurality of such substacks, a uniform temperature distri- 
bution in the whole fuel cell can be realized, thus limiting 
the heat stress to the level which is equivalent or supe- 
rs rior to that by the co-flow method, ensuring reliable cell 
characteristics. 

[0131] In contrast to the cases in which several doz- 
ens of stacks are placed next to or upon one another, 
manifolds and other connponents according to the 
20 present invention ne^ not be large-sized, thus improv- 
ing the sealing capability as well as reducing the manu- 
facturing cost of the fuel cells. 

INDUSTRIAL APPLtCABILITY 

25 

[01 32] As described above, the present invention pro- 
vides a connpact and economical solid electrolyte fuel 
cell in which the generated heat stress is small to 
ensure reliable characteristics of the fuel cell and the 
30 Structure is sinple as by the cross flow method to pro- 
vide a wide power generation area. 

Claims 

1 . ; A planar type solid oxide electrolyte fuel cell that is 
composed of power generation films in which an 
oxygen electrode is constituted on one side of each 
solid electrolyle layer and a fuel electrode on the 
other side thereof, interconnectors sandwiched 

«; between the said power generation films, and seal 
materials which sun^ound the four sides of the said 
power generation films, wherein oxidant gases and 
fuel gases react electrochemically via the said 
power generation films in order to obtain electric 

<5 energy, 

characterized in that: 

on one of the four sides of each power genera- 
tion film that forms a cell and over nearly the 

50 entire length of the said side, a fuel gas inlet 

aperture is provided on the electrode side, 
whereas a fuel gas outlet aperture is provided 
over nearly the entire length of the side facing 
the said side, and 

55 an air inlet aperture is provided on the oxygen 

electrode side of one of the remaining two 
. sides, the said air inlet aperture being located 
in atx)ut that half of the said side which is closer 
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to the fuel gas inlet aperture, whereas an air 
outlet aperture is provided on the side facing 
the said air inlet aperture, the said air outlet 
aperture being located in about that half of the 
said side which is doser to the fuel gas outlet 5 
aperture. 

The planar type solid oxide electrolyte fuel cell as in 
claim 1 , wherein each of the said power generation 
films is a solid electrolyte which comprises dimples 10 
almost all over the surface thereof, an oxygen elec- 
trode on one side and a fuel electrode on the other 
side thereof. 

The planar type solid oxide electrolyte fuel cell as in is 10. 
claim 2. wherein the air inlet aperture constitutes a 
cell located on the right side of the fuel gas inlet 
aperture and another cell located on the left side 
thereof, and the said two cells are superposed 
alternately via interconnectors to be electrically 2c 
connected in series to form a unified structure. 



with each other in series, thus constituting a unified 
multi-layer structure. 

The planar type solid oxide electrolyte fuel cell as in 
daim 6. wherein the said interconnectors and the 
said power generation films are superposed and 
arranged in such a manner that the fuel outlet aper- 
ture faces upwards and the fuel inlet aperture faces 
downwards. 

The planar type solid oxide electrolyte fuel cell as in 
daim 6, wherein the said fuel gas side and the air 
side are replaced completely with each other. 

The planar type solid oxide electrolyte fuel cell as in 
daim 2 or 6, wherein a part of or all the manifolds 
for gas supply are constituted as an internal mani- 
fold system. 



4. The planar type solid oxide electrolyte fuel cell as in 
claim 2. wherein a plurality of said interconnectors 
and said power generation films are placed parallel 
to one another in a row. in which the fuel gas outlet 
apertures face upwards and the fuel inlet apertures 
downwards. 

5. The planar type solid oxide electrolyte fuel ceil as in 
claim 2» wherein the said fuel gas side and the said 
air side are replaced completely with each other. 

6. The planar type solid electrolyte fuel cell as in claim 
1 , wherein each of the said power generation films 
comprises a fuel electrode on one side of its rectan- 
gular planar electrolyte and an oxygen electrode on 

" the other side thereof, and grooves are provided on 
both sides of the said interconnectors to form gas 
passages so that fuel gases or oxidant gases can 
be supplied to both electrode sides of the adjacent 
power generation films, the circumference of each 
of the said interconnectors, except the gas inlet and 
the gas outlet aperture, constituting a flat-surfaced 
support frame to support the adjacent power gener- 
ation films and to seal the gases, whereas the said 
fuel gases and the air react electrochemically via 
the said power generation fflms to provide electric 
energy. 

7. The planar type solid oxide electrolyte fuel cell as in 
claim 6, wherein the air inlet aperture provided in 
each interconnector constitutes two kinds of cells, 
namely, a cell located on the right side of the fuel 
gas inlet aperture and a cell on the left side thereof, 
and the said two kinds of interconnectors are alter- 
nately superposed to sandwich the said power gen- 
eration films alternately to be electrically connected 
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